Over a 43-month period, 23 separate isolates of nonenterococcal alpha-and nonhemolytic streptococci were reported by our clinical microbiology laboratory to be resistant to vancomycin. This constituted 0.32% of nonenterococcal alpha-and nonhemolytic streptococci reported and 4.4% of such streptococci upon which susceptibility testing was performed. Of 13 isolates which were available for further study, all were highly resistant to vancomycin (MIC 2 1,024 ,ig/ml), but none were actually streptococci. 
Clinical microbiology laboratories often report catalasenegative, gram-positive cocci, the colonies of which produce either no hemolysis or a green hemolytic pattern on blood agar plates. as alpha-or nonhemolytic streptococci or as viridans group streptococci, if tests exclude pneumococci or enterococci. Despite growing evidence to the contrary, the oral streptococci are often thought to be predictably susceptible to most antimicrobial agents. Therefore, even when isolated from normally sterile sites, susceptibility testing may not be done on these organisms.
When performed upon bacteria reported to be alpha-or nonhemolytic streptococci, antimicrobial susceptibility testing occasionally shows resistance to vancomycin. Although recent studies have found that vancomycin resistance in enterococci (15, 29, 33, 35, 49) and coagulase-negative staphylococci (43) can be clinically shown, the true incidence of vancomycin resistance in organisms reliably classified as viridans group streptococci has been suggested to be low, if it occurs at all (15, 27) . A vancomycin-resistant Streptococcus sanguis II isolate (46) has been recently found to be a Leuconostoc species or a heterofermentative Lactobacillus species on subsequent testing (David M. Shlaes, personal communication) .
Our interest in this issue prompted a retrospective review from our clinical microbiology laboratory of vancomycinresistant, alpha-and nonhemolytic streptococci which are neither pneumococci nor enterococci. Particular attention was paid to organisms superficially resembling oral streptococci by both colony morphology and broth Gram stain. The clinical setting surrounding isolation of these bacteria was also reviewed. Isolates studied appeared to be members of genera loosely related to Streptococcus: Lactobacillus, Leuconostoc, and Pediococcus.
(This study was presented in part at the 88th Annual Meeting of the American Society for Microbiology, Miami Beach, Fla., May 8 to 11, 1988.) * Corresponding author.
MATERIALS AND METHODS
All isolates that had been identified as vancomycin-resistant, alpha-or nonhemolytic streptococci which were neither pneumococci nor Lancefield serogroup B or D were sought by manual and computer searching of records of isolates detected from specimens submitted to the clinical microbiology laboratory of the Cleveland Clinic Foundation for the 43-month period from October 1983 through April 1987. Pneumococci, enterococci, and Lancefield group B and D streptococci were identified by a variety of common physiologic procedures during this period, but serogroup confirmation was infrequently performed. This review was facilitated by laboratory policies during much of this period that allowed for frequent susceptibility testing and storage of fastidiously growing isolates. Blood and body fluid isolates were characterized particularly thoroughly, including those from intra-abdominal or abscess material for which anaerobic processing had been ordered. Isolates which did not grow in Mueller-Hinton broth were sent to a separate laboratory, where a variety of media were used to perform microdilution susceptibility testing, after which the isolates were stored. For this search vancomycin resistance was defined as growth in the presence of -4 ,ug of vancomycin per ml. All such vancomycin-resistant isolates that could be recovered were further studied.
The incidence of streptococci that were resistant to van Colonial morphology and hemolytic patterns under these conditions were noted at 24 and 48 h and after 7 days. Growth was also attempted on MacConkey agar and Rogosa SL acetic acid-acetate agar (Difco Laboratories, Detroit, Mich.). The presence of polysaccharide production was noted on 5% sucrose agar (53) . The formation of gas from glucose was detected by using lactobacillus DeMan, Rogosa, and Sharpe (MRS) broth (Difco) with petrolatum overlay and Durham tubes. Arginine hydrolysis was performed in Moeller decarboxylase medium (14) .
Additional tests were performed upon the isolates resembling pediococci. Tolerance to salt was noted at concentrations of 4, 6.5, and 10% in bromcresol purple heart infusion broth (Difco), thioglycolate broth, tryptic soy broth, and MRS broth and APT broth (Difco). Rapid bile-esculin (14) tests and 1-h litmus milk (32) reactions were done. LPyrrolidonyl-p-naphthylamide (PYR) was hydrolyzed with Streptococcus A-E (Scott Laboratories, Inc., West Warwick, R.I.). Growth on bile-esculin agar (14) and determination of esculin hydrolysis were attempted at 24 h (14) . The presence of streptococcal group antigens A, B, C, D, F, and G on the clinical isolates resembling pediococci (strains no. 1 to 6) was sought by latex agglutination after extraction by using Streptex (Wellcome Diagnostics, Temple Hill, Dartford, England) and for group D antigen by coagglutination for all pediococci by using Phadebact (Pharmacia Diagnostics, Piscataway, N.J.).
Carbohydrate fermentation and esculin reactions were performed at least twice on all of the studied organisms by the Minitek procedure described by Setterstrom et al., using supplemental phenol red (44) (Table 1) . For the sake to tabulation, two reference strains were reclassified on the basis of their properties. Strain ATCC 33314 failed to grow at 50°C and was maltose positive; therefore, it was more typical of P. pentosaceus, a finding supported by DNA homology studies (3, 11) . Strain NRRL B1153 was typical of P. acidilactici.
The six clinically isolated organisms in this group appeared to be pediococci on the basis of their physiologic properties (15, 18 ). The identification to species level of four strains was entirely consistent with P. acidilactici (15, 18) . Two strains (no. 3 and 5) grew slowly in 10% NaCl; however, they tolerated 50°C, preferred 40°C, and were unable to utilize maltose. These strains seemed most consistent with P. acidilactici as well.
Antimicrobial susceptibilities of the 6 clinically isolated strains resembling pediococci and the 12 reference strains of pediococci are shown in Table 2 . High-level vancomycin Clinical information. The six isolates resembling pediococci (no. 1 to 6) were all recovered in mixed culture from abdomen-related sites (Table 3) . Three isolates (no. 1, 5, and 6) came from peritoneal fluid after elective colorectal surgery. Since postoperative infections did not develop, no clinical significance could be attached to these isolates. Two isolates (no. 2 and 4) of unclear significance were found in mixed culture with members of the family Enterobacteriaceae and Bacteroides fragilis in material from enterocutaneous fistulae with associated cellulitis or abscess formation in patients with Crohn's disease. One isolate (no. 2) was obtained in a moderate amount along with a rare amount of penicillin-susceptible alpha-hemolytic streptococci from a small, asymptomatic, abdominal-wall abscess which was unexpectedly encountered during an VOL. 28, 1990 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from acid bacteria. Bacteria that share these properties are frequently found in fermenting organic materials. The production of lactic acid and other by-products is beneficial in some commercial situations, such as dairying and sausage-making, but is often associated with spoilage in many food-related industries. The term lactic acid bacteria emphasizes these characteristics and is commonly used in the food sciences (16-18, 28, 45) . Lactic acid bacteria are catalase-negative, nonsporeforming, gram-positive cocci, coccobacilli, or rods. Genera that fit the description of lactic acid bacteria are Streptococcus, Enterococcus, Lactobacillus, Leuconostoc, Lactococcus, and Pediococcus. The genus Aerococcus has been mentioned in reference to lactic acid bacteria but is generally not included in this group (45) .
The concept of the grouping of lactic acid bacteria, originally attributed to Orla-Jensen, based upon these physiologic and ecologic similarities (28) , has served microbiology well. Similarities between members of these genera have recently been shown by phylogenetic studies of isofunctional enzymes (34) and 16S rRNA relatedness (48) . However, these studies have suggested that pediococci and leuconostocs, which appear closely related to streptococci by morphologic and physiologic criteria, are more closely related to lactobacilli. Streptococci appear phylogenetically more distantly related to the other lactic acid bacteria (48) .
Genus differentiation among the lactic acid bacteria can usually be achieved in the microbiology laboratory by analysis of Gram stain results and determination of whether glucose is utilized strictly heterofermentatively and whether arginine can be hydrolyzed (16, 45) . MRS medium is probably preferred for detection of the formation of gas from glucose. It is one of several media which are sufficiently complex to support the growth of leuconostocs, pediococci, and lactobacilli (16) . We found an 8-to 24-h period of incubation of MRS broth with Durham tubes more convenient to perform and easier to read than MRS broth overlaid with petrolatum. The 2% glucose concentration of MRS medium produced a stronger and more easily detectable gas-from-glucose reaction than the 1% glucose concentration ofAndrade broth. Differences in ciprofloxacin and imipenem susceptibilities sufficient to assist in genus classification have recently been noted in most strains of these three genera (48a) .
Although genus differentiation of the lactic acid bacteria is usually possible by broth Gram stain, production of gas from glucose, and arginine hydrolyis, further physiologic testing may be useful to determine whether a given isolate fits a recognized species. For this purpose, determination of carbohydrate utilization by using miniaturized systems has been shown to be reliable compared with broth macrodilution methods for streptococci (44) , pediococci (12) , and lactobacilli (19) . However, sufficient overlap exists that occasional isolates will prove difficult to identify to the genus level. It may not be possible to distinguish arginine-negative, grampositive coccobacilli that produce gas from glucose as a Leuconostoc species, Lactobacillus veiridescens, or L. confusus (16), an organism whose name implies its physiologic similarity to Leuconostoc sp. (28) . Likewise, differentiation of an arginine-negative, gram-positive coccobacillus that does not produce gas from glucose between Streptococcus and Lactobacillus species may be difficult.
Of the eight Pediococcus species currently recognized (18), only P. acidilactici and P. pentosaceus have been isolated from clinical sources (7, 15, 42) . These species are closely related by DNA homology (3, 11) ; individual isolates may not be physiologically distinguishable (18) . Reported differentiating physiologic features are as follows: maltose fermentation (P. acidilactici, negative; P. pentosaceus, positive) (2, 4, 15, 18, 31, 51); saccharose (2, 4) and methylglucoside (4) fermentation (P. acidilactici, negative; P. pentosaceus, variably positive); ability to grow on MacConkey agar (P. acidilactici, able to grow; P. pentosaceus, variably able to grow) (15); 10% NaCl tolerance (P. acidilactici, intolerant; P. pentosaceus, tolerant [18] , although this has been reported variable in both species [4] ); 50°C tolerance (P.
acidilactici, tolerant; P. pentosaceus, intolerant) (18) ; and optimal growth temperature (40°C for P. acidilactici, 30°C [31] or 35°C [18] for P. pentosaceus). Xylose fermentation (P. acidilactici, positive; P. pentosaceus, variably negative) has been reported to be possibly useful (15, 18) , but this has been disputed (4). Discrepant results for other potentially useful differentiating fermentations have also been noted for arabinose, cellobiose, glycerol, inulin, maltotriose, mannitol, salicin, and sucrose (4, 15, 18, 31) . Some discrepancies may be method dependent (glycerol and salicin) (15) , while others could be due to transmissible plasmids (sucrose, raffinose, and at-galactosidase degradation) (22, 39) , but most are likely due to the relatively few isolates whose species identity has been reliably confirmed. Therefore, the disputed results of these fermentation reactions, as well as agreedupon variations in lactose, raffinose, rhamnose, and trehalose (4, 15, 18, 31) , do not as yet assist differentiation.
Identical API Rapid Strep (Analytab Products, Plainview, N.Y.) profiles have been found for a limited number of P. acidilactici and P. pentosaceus strains (42) . Properties of these species not reported here or in other review articles (4, 15, 18, 31) include positive reactions for Voges-Proskauer, ,-galactosidase, and leucine arylamidase. Negative reactions were noted for alkaline phosphatase, a-galactosides, P-glucuronidase, and hippurate (42) .
Among the features studied here, maltose fermentation was the most useful in confirming the species identities of the reference strains of pediococci. All methods of detecting maltose fermentation tried here were reproducible and the results were in agreement. Although tolerance of 50°C was helpful when it was present, tolerance of 10% salt, the ability to grow on MacConkey agar, and the optimal growth temperature did not seem to be reliable. Failure to ferment xylose was found only in P. pentosaceus. Arabinose fermentation was not found to be a useful marker with the methods used here, in contrast to findings with the API system (15) . The reported failure of pediococci to tolerate 6.5% salt (15) may have been due to medium selection, since the strains of P. acidilactici and P. pentosaceous studied here failed to grow in salt-supplemented heart infusion broth and tryptic soy broth but grew well in salt-supplemented MRS and APT broths.
The role of the pediococci in causing infection was unclear. In this study, pediococci were found on three occasions when an infection was present but only once in predominance. In that case, the infection was of such a mild nature that it was asymptomatic and only inadvertently recognized. The role of pediococci in mixed culture in the fistulous tracts of patients with Crohn's disease is unclear, but it can be speculated that their presence implies that the fistulous milieu was acidic, since pediococci produce so much lactic acid and are so acid tolerant.
The ecologic niche of pediococci in humans appears to be within the enteral tract. When selective media have been used, organisms that resemble what would be currently classified as either P. acidilactici or P. pentosaceus have been found in saliva in 1.9% of volunteers (47) and in 3% of clinically submitted stool specimens (42) . The six isolates in this study were found in association with procedures or drainage from the small or large intestine.
Two additional vancomycin-resistant strains, physiologically similar to P. acidilactici (i.e., maltose negative, preferring 40°C, and tolerant of both 50°C and 6.5% NaCl but not 10% NaCl), have been subsequently isolated from gastrointestine-related sites by our clinical microbiology laboratory. One isolate was recovered with a vancomycinresistant, homofermentative Lactobacillus strain from a surveillance rectal swab in a transplant recipient. The other was found in mixed culture with Pseudomonas aeruginosa, Candida albicans, and an Enterococcus strain from a percutaneous drain leading to a biliary stent in a patient with sclerosing cholangitis who was receiving ceftazidime, vancomycin, and amphotericin B for apparent stent-related biliary sepsis.
Both of the clinical isolates that were identified as L. confusus were also found in association with the gastrointestinal tract. L. confusus has been previously recovered from saliva (28) .
The human ecologic niche of the genus Leuconostoc is as yet not fully determined. Leuconostoc mesenteroides is possibly a part of mouth flora, since it has been recently isolated from an odontogenic buccal-masseteric space infection (50 (6, 13, 24, 26, 27, 41, 42) . In these settings, infection may have occurred from environmental sources, such as tube feeding material (27) , intravenous infusates, or the skin-device interface.
Although the Leuconostoc isolates in this study were of unclear significance, Leuconostoc isolates have been associated with infection (6, 8, 9, 13, 24, 26, 27, 41, 50) . Due to easy confusion with streptococci and the theoretical potential for causing endocarditis, particularly with the polysaccharide-producing Leuconostoc and Lactobacillus strains, determination of the vancomycin susceptibility of organisms resembling streptococci isolated from patients with serious infections, such as endocarditis, seems particularly warranted.
In addition to problems with reliable genus identification, methodologic problems in susceptibility testing of lactic acid bacteria exist (15, 48a (15, 33, 35, 49) . All 18 strains of pediococci tested in this study were highly resistant to vancomycin. Vancomycin resistance has been noted in at least six other clinically isolated strains of pediococci (7, 42) , as well as in 25 isolates referred to the Centers for Disease Control (15, 48a) . Vancomycin resistance has been reported in at least 25 clinically isolated Leuconostoc strains (6, 8, 9, 13, 24, 26, 27, 35, 41, 42, 50) , as well as in at least 44 clinically isolated strains of Leuconostoc species reported by Facklam et al. (15) . High-level vancomycin resistance has also been common in Leuconostoc strains that were not clinically isolated (6, 36) .
Although lactobacilli are usually susceptible to vancomycin, resistance of both heterofermentative and homofermentative species has been occasionally reported (20, 25, 48a) . Of 37 isolates of organisms reported to be lactobacilli that were tabulated in one collection, 4 were resistant to vancomycin (1) . In order to estimate the frequency of vancomycin resistance among lactobacilli in our laboratory, a 31-month computer search was performed. For six Lactobacillus isolates from different patients, the vancomycin MICs were found to be >16 ,ug/ml. If the four strains of lactobacilli that were misidentified as streptococci from this study during this time period are included, vancomycin-resistant lactobacilli constituted 1.4% of all lactobacilli reported and 10% of lactobacilli upon which susceptibility testing was performed. The mechanism of vancomycin resistance among nonenterococcal lactic acid bacteria is unclear. Since transferable, plasmid-mediated resistance to vancomycin has been demonstrated in enterococci (33) , and since intergeneric transfer of antibiotic-resistance plasmids has been shown to occur among Leuconostoc, Pediococcus, Enterococcus, Streptococcus, and Lactococcus species (21, 33, 38) , plasmidmediated resistance to vancomycin must be considered for all lactic acid bacteria. However, plasmids probably do not mediate vancomycin resistance in all leuconostocs or pediococci. Of 14 vancomycin-resistant Leuconostoc species in one series, 5 contained no plasmids of the size commonly associated with resistance to antimicrobial agents; transfer of vancomycin resistance could not be demonstrated (36) . Two of the reference strains of pediococci from this study (ATCC 33314, NRRL B14009) contain no plasmids (Dallas G. Hoover, personal communication). It has also been shown that vancomycin is not inactivated after in vitro growth of strains of vancomycin-resistant pediococci, lactobacilli, and leuconostocs (27, 36, 42) .
Vancomycin resistance in nonenterococcal, clinically isolated organisms resembling oral streptococci may, therefore, be a marker for identification of other genera of lactic acid bacteria. Our results suggest this is true; all 13 strains of such bacteria studied here proved to be pediococci, lactobacilli, or leuconostocs.
